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FOREWORD 
This report was prepared by personnel assigned to Project B-376 of the 
Engineering Experiment Station of the Georgia Institute of Technology, 
Atlanta, Georgia, under Controller's Office Account No. B-2817. The research 
was initiated under a National Science Foundation Grant No. GU-3309. The 
program was administered under the direction of Dr. Vernon Crawford, Vice 
President of Academic Affairs, Georgia Institute of Technology. 
This report covers the research work period from 16 December 1969 to 
30 June 1971. 
The report authors express their appreciation to the following individuals; 
Mr. H. W. Wellborn, who investigated the initial electroplating procedures; 
Mr. R. A. Swan, who furnished the metallic substrates and applied the arc-
plasma spray coatings; and, personnel of the Simmons Plating Works, Inc., 
who readily offered technical assistance when called upon. 




A program was conducted to investigate the impregnation of a porous arc-
plasma sprayed modified aluminum oxide coating by use of electroplating and 
electroless plating techniques. Matrices of metallic copper, lead, and 
nickel were formed in the ceramic coatings; attempts to impregnate with 
silver metal were not completed. A comparative change of thermal properties 
after impregnation with copper was evaluated. The potential applications 
which could result from these and similar impregnation techniques are 
presented and recommendations for future investigations are made. 
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INTRODUCTION 
A. Background 
Plasma-sprayed ceramic coatings are frequently applied to metallic and 
non-metallic substrate materials to provide more wear, impact, and/or thermal 
resistant surfaces. This method of ceramic coating application is particularly 
advantageous in processes requiring rapid deposition rates and where large or 
inaccessible areas are to be coated. The physical properties of the plasma-
sprayed ceramic coating can be easily altered since the quality of the 
coating is controlled within a wide range by the spraying parameters which 
have been carefully studied. The parameters - electrical power, plasma 
enthalpy, gas composition, material deposition rate - can readily be 
manipulated. 
Unfortunately plasma-spraying does not provide a coating with optimal 
physical properties in all cases. Plasma-sprayed coatings are generally 
porous and composed of particles which are bonded together inefficiently 
partially by mechanical interlocking and fusion. Thus, mechanical strength 
and surface finish are areas of concern with these coatings. In addition, 
plasma-sprayed coatings are often plagued with serious residual stresses, 
a result of thermal quench of the individual particles; and the coating 
adherence to various substrate materials can be inhibited. 
Recently researchers at Georgia Tech developed techniques for 
controlling the microstructure of plasma-sprayed coatings of aluminum oxide 
and titanium dioxide modified aluminum oxide and maximizing their adherence 
to various substrate materials-stainless steel, aluminum alloy, titanium 
alloy, and fiberglass laminates of epoxy, polyimide, and phenolic 
resins 1-3/. The porosity of the coatings exhibited an open structure ideally 
suited for impregnation. 
These porous, plasma-sprayed coatings have been successfully impregnated 
with a number of organic and/or inorganic materials resulting in improved 
densities, strengths, and surface finishes. The results of this work 
indicate that if metal impregnation were possible, substrates could be 
provided with outstanding impact and wear resistance. It would also seem 
that the introduction of the ductile metallic matrix, replacing the pores 
of a ceramic material, would enhance the electrical and thermal properties 
of the deposited coating. These coatings could replace "hard-facing" alloys 
now used to protect helicopter blades, slurry pump bearings, steel mill 
rollers, and turbine buckets against rain, sand, and abrasion erosion. 
Improved cutting and grinding tool surfaces might also be developed using 
these metal impregnation techniques. 
B. Research Objectives  
The objective of this research program was to determine the feasibility 
of impregnating plasma-sprayed ceramic coatings with certain metals. To 
accomplish this task certain criteria were established such as how 
porous and thin a coating must be for impregnation by electroplating or 
electroless plating to proceed. If coatings were to be impregnated by 
electroless plating it had to be determined Which common substrate materials 
and plasma-sprayed subcoat materials provide a catalytic surface upon which 
deposition can be initiated. It will be necessary to select metal -organic 
or other solutions which could be used to form a catalytic coating on non-
catalytic surfaces such as ceramics. Finally, an attempt would be made to 
determine if the metals used to impregnate a coating could be anodized to 
provide further protection for substrate materials. 
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II. EXPERIMENTAL PROGRAM 
A. Test Sample Fabrication  
The samples of ceramic coated metals used in all electroplating and 
electroless-plating experimental techniques were fabricated at the Georgia 
Tech plasma-spray facility which is a Metco 2M system converted to a semi-
automatic Metco 3M system as shown in Figure 1 1/. Three commonly used 
metallic substrate materials -- stainless steel, aluminum alloy, and 
titanium alloy -- were chosen for ceramic coating sample fabrication. 
Sample substrates 1.5-inch by 1.5-inch by 0.050-inch were prepared from 
each metal. The surface of each plate to be coated was lightly sand-
blasted and degreased with acetone prior to the application of a 0.003-inch 
thick subcoat of nickel aluminide, an intermetallic compound 4-5/. Past 
experience has indicated that a subcoating of nickel aluminide greatly 
improves the adherence of the plasma-sprayed ceramic coating to a metallic 
substrate 1/; an exothermic reaction between substrate and coating results 
from the synergistic intermetallic compound 6/. Thickness of substrates 
and substrates plus subcoating were accurately measured prior to the 
application of the ceramic coating. The vacuum plate used to hold the 
substrates during coating application is shown in Figure 2. Coatings of 
97.5 per cent aluminum oxide modified with 2.5 per cent titanium dioxide were 
plasma-sprayed on the subcoat surface; a photomicrograph of the as received 
powder is shown in Figure 3. The spraying parameters were adjusted to provide 
samples with ceramic coating of thickness approximately 0.010-, 0.020-, and 
0.030-inch. The porosity of these coatings could be varied from 13 to 20 
per cent. A coating was considered as optimum which had a porosity of 
3 
Figure 1. Semi-Automatic Arc-Plasma Spray Facility Used for the 
Application of Ceramic Coatings to Planar Substrates. 
4 
Figure 2. Vacuum Plate Holder Used to Position Planar Substrates 
for the Deposition of Arc-Plasma Sprayed Ceramic Coatings. 
5 
Figure 3. Photomicrograph of Aluminum Oxide Powder Modified with 2.5 
Per Cent Titanium Dioxide, Metco 101 (100 X Magnification). 
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approximately 18 per cent. A photomicrograph of one of these plasma-sprayed 
coatings prior to impregnation is shown in Figure 4. 
B. Plating Sample Preparation  
To achieve successful and total impregnation through the coating thickness, 
it was considered essential that deposition be initiated at the nickel-
aluminide/modified aluminum oxide interface and proceed toward the surface; 
then the open pores would be totally filled. For this reason, the back and 
sides of any exposed metal substrate had to be electrically insulated from 
the plating bath which would force the nickel aluminide to act as the cathode 
during electroplating. The electrical connection for the cathode was made 
by placing an alligator clip on one corner of each sample in contact with the 
metal substrate. The alligator clip and the exposed surfaces of the sub-
strate were then coated with a corrosive resistant epoxy paint to provide the 
electrical insulation. All samples used in the various electroplating 
experiments were prepared in this manner. The samples used for electroless 
plating, to be discussed later, were insulated without the alligator clip 
attached. 
C. Plating Equipment  
The various attempts to impregnate the plasma-sprayed coatings by 
electroplating techniques were carried out using a full wave rectified, 
variable DC voltage electrical source with a capacity of 25-watts (1 ampere 
at 25 volts). Polyethylene beakers were used to contain the plating bath 
solutions which were agitated frequently by manual stirring throughout the 
plating operations. The samples and their corresponding metallic anodes 
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Coating (38 X Magnification). 
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were suspended in the baths by alligator clips and copper wire connected 
to a rod lying across the top of the beaker. 
D. Impregnation by Copper Electroplating  
Copper was chosen as a candidate material for impregnation of the ceramic 
coatings by an electroplating operation; because it was felt that if the 
pores of a ceramic coating could be filled with copper, the coating's 
electrical and thermal properties would be enhanced by the alteration. 
The coating's ability to resist abrasion might also be improved by impreg-
nation with this metal; copper is one of the materials commonly used in 
brake lining compositions 7-12/. 
Copper is electroplated extensively using two types of solutions; one 
employs the sulfate anion, and the other employs the fluoborate anion. For 
this work the sulfate bath was selected as the plating medium due to the 
simplicity of its composition and common use by industry 7/. 
One liter of plating solution was made by adding 188 grams of reagent 
grade copper sulfate dissolved in 74 grams of reagent grade concentrated 
sulfuric acid diluted in 960 milliliters of deionized water. Safranek 8/ 
states that nickel and its alloys must be made surface active by reverse 
current etching in sulfuric acid before satisfactory copper plating can be 
obtained although Sales and Wellborn found that the procedure is not always 
necessary when a nickel-aluminide subcoating is used 13/. To follow the 
industry procedure a second bath was formulated by the dilution of 37 grams 
of reagent grade concentrated sulfuric acid by deionized water to a total 
volume of 500 milliliters. 
The sample chosen for the first plating attempt had been made by the 
plasma-sprayed deposition of a 0.003-inch of nickel-aluminide subcoating 
9 
and 0.010-inch of modified aluminum oxide coating on a type 304 stainless 
steel substrate. Reverse current etching was carried out by immersing the 
sample in the second bath, the diluted sulfuric acid solution, with the 
sample acting as the anode and a copper wire acting as the cathode. The 
etching process continued for five minutes at a current setting of 
0.23-ampere with a 1.6-volts potential. The sample was removed, rinsed 
with water, and immersed, as the cathode, in the first plating solution. 
The anode was a piece of copper sheet 0.008-inch thick. The plating 
procedure was continued for three and one-half hours at 0.20-ampere and 
1.0-volts with an anode-cathode separation of approximately four inches. 
The plating attempt resulted in the deposition of copper around the 
alligator clip and the edges of the sample; apparently, copper ions managed 
to penetrate the epoxy paint, but many isolated deposits of copper were found 
on the modified aluminum oxide surface. A small amount of the electrical 
insulation was removed from the back of the stainless steel substrate. 
Electrical continuity was established between the substrate and the copper 
deposits on the surface proving conclusively the deposits had indeed filled 
many pores down to the nickel-aluminide subcoat. Figure 5 shows the copper 
impregnated modified aluminum oxide after approximately 0.003 inches of the 
coating had been removed by abrasive grinding. The dark areas seen on the 
surface are deposits of copper existing in the pores of the ceramic coating; 
the deposits have a distinct copper color when viewed in color. 
To establish the maximum modified aluminum oxide thickness through which 
copper could be deposited, four samples were prepared with ceramic coating 
thicknesses of 0.011, 0.020, 0.0:32, and 0.040 inches respectively. The 
four samples were connected in parallel and reverse current etched for 
10 
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several minutes immediately before immersion in the plating solution. A 
piece of copper-sheet was used as the anode in the plating process and a power 
level of 0.60-ampere at 1.5-volts, was maintained overnight or approximately 
sixteen hours. Examination of the sample with the 0.011-inch thick ceramic 
coating showed extensive deposition on the ceramic surface. The sample 
having the 0.020-inch coating exhibited only slight deposition on the surface. 
The other samples had no significant surface deposition. 
It is interesting to note that enough copper had penetrated the epoxy 
paint on the edges of the sample and caused a wedge deposit at the nickel-
aluminide/aluminum oxide interface that a separation of the ceramic coating 
from the subcoating occurred. Although this phenomenom did not present 
a major problem, it does demonstrate the need for an absolutely impervious 
coating for electrical insulation at the sample boundaries. 
In an attempt to determine the influence of electrolytic metal impreg-
nation on the thermal properties of the modified aluminum oxide coating, a 
simple comparative thermal diffusivity test was conducted. Two samples, 
having identical substrates, nickel-aluminide subcoats, and modified aluminum 
oxide coating thicknesses, were prepared. One sample was impregnated by means 
of electroplating; the other was left as plasma-sprayed. A small electrical 
resistance heated furnace was built to act as a constant temperature source. 
A type K thermocouple was cemented to the substrate in the center of the 
backside of each sample; the flattened thermocouple bead was in physical 
contact with the stainless steel. Each sample was placed at a small opening 
in the furnace at a temperature of 1030 ° F. The front side temperature was 
monitored with a second type K thermocouple positioned near the sample's 
front coated surface. Two time-temperature curves were obtained. The results 
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of this experiment are shown in Figures 6 and 7. In this experiment, the term 
"the front side temperature," is actually the exposure temperature of the front 
side of the plasma-sprayed coating. The inflection occurring slightly above 
200 ° F in both curves is the result of vaporization of a small amount of 
water that has been absorbed by the ceramic coating and does not indicate 
any material phase change. As anticipated, a substantial increase was 
observed in the rate of thermal conduction to the back surface of the 
substrate when the modified aluminum oxide coating was impregnated with 
copper. This property can be extremely advantageous in bearing surface 
applications for more rapid dissipation of heat generated by friction. 
E. Impregnation by Lead Electroplating 
The second attempt to impregnate porous ceramic coatings involved a 
lead electroplating operation. Lead was selected with the supposition that 
it might act as a lubricant in applications where hard, ceramic coatings are 
subjected to continuous abrasion such as encountered in agricultural 
equipment. 
The three lead plating compositions commonly used in commercial electro-
plating operations utilize fluosilicate, sulfamate, and fluoborate solutions. 
From these the fluoborate bath was chosen because it was easily prepared on 
a laboratory scale, and it generally yields finer grained metallic deposits. 
For the plating processes involving low cathode current densities of 5- to 
50-amperes per square foot, a fluoborate bath of the following composition 
was recommended 10,11,14,15/:  
(1) Lead 	 126 gms/liter 
(2) Free Fluoboric Acid 31 gms/liter 
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15 
(4) Animal Glue 	 0.19 gms/liter 
(5) Deionized Water 	1 liter 
This bath was prepared by making a paste of reagent grade lead carbonate 
and water; and this paste was then dissolved in fluoboric acid. The reaction 
was quite exothermic and considerable effervescence resulted from the 
liberation of carbon dioxide gas. When all of the lead carbonate had 
dissolved, the solution was diluted to a volume of one liter in deionized 
water; and the boric acid and animal glue were then added. 
A sample with a coating of 0.010-inch modified aluminum oxide over a 
0.003-inch subcoat of nickel-aluminide which had been plasma-sprayed on 
stainless steel was used for the first attempt at metallic lead 
impregnation. This sample and a lead anode were placed in the one liter 
bath; the anode to cathode distance was approximately four inches. The 
plating current was adjusted to 0.25-amperes which corresponded to a cathode 
current density of 36-amperes per square foot at a plating potential of 
1.10-volts. After an elapsed electroplating time of 50 minutes, the sample 
was removed and rinsed with water. Large dendritic lead crystals had formed 
on the sides of the sample and around the alligator clip where an electrical 
insulation of the substrate was not thoroughly obtained. There was also a 
number of small lead deposits observed on the modified aluminum oxide coating 
surface. Microscopic examination of the as plated ceramic surface and after 
0.003-inch of coating had been removed by abrasive paper appeared to indicate 
impregnation throughout the outer portions of the porous coating. It was 
estimated that approximately one-half of all pores were filled down to the 
subcoating surface as could be microscopically determined. 
16 
The success of this experiment prompted a second and somewhat more 
sophisticated attempt at impregnation of a similarly prepared sample. Both 
anode and sample were carefully weighed prior to immersion in the fluoborate 
plating bath. Plating was performed for four hours at a 1.110-volt potential 
and a cathode current density at 50-ampere per square foot and with an anode-
cathode separation of twelve inches. The assumption was made that the first 
plating operation was carried out too quickly which allowed lead to deposit 
laterally across the ceramic coating surface before all pores had been 
filled. This type of deposition, would in effect, cover over many of the 
open pores decreasing the accessability of the free lead ions in the 
solution to these pores. After plating, this sample also had large 
dendritic deposits around the edges. These deposits were carefully 
removed leaving only the lead that was in and on the ceramic coating. 
Weights of the sample and the anode plus dendritic deposits indicated a 
gain of 0.50-grams and a loss of 0.54-grams of available lead in solution, 
indicating approximately 93 per cent plating efficiency. The surface was 
examined microscopically and found to have a much higher percentage of 
filled pores than the previous sample. Half of the total surface area, or 
center area of the coating surface, exhibited 50 per cent fill of the pores 
by lead deposition; while almost 90 per cent of the pores of the remaining 
half, or the area near the outer coating edges, were filled with fine grain 
lead. The sample was lapped until only 0.005-inch of the ceramic coating 
remained above the nickel-aluminide subcoating and examination revealed the 
same extensive lead deposition which indicated this technique was very 
successful for the impregnation of the plasma-sprayed coating. Figure 8 
shows an area of this surface where extensive lead deposition took place. 
17 
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A corner of this same sample was ground away with an abrasive wheel and the 
resulting cross-section was polished, using metallographic abrasive, on a 
felt wheel. The photomicrograph, shown in Figure 9, was taken of this cross 
section to show two portions of the modified aluminum oxide coating. The 
two-thirds of the coating on the right exhibits no deposition because that 
corner of the sample was not immersed during electroplating. In contrast, 
lead can clearly be seen to exist in the ceramic matrix in the left hand side 
of the coating. A micrograph of the cross sectional area where the most 
extensive impregnation occurred is shown in Figure 10. 
F. Impregnation by Electroless Nickel Plating  
"Electroless Nickel Plating" is a technique of nickel deposition which 
is described as an autocatalylic chemical reduction of nickel salts by 
hypophosphite anions in aqueous solution at 190 ° F to 205 ° F 10,11,16,17/. 
The nickel deposit obtained from this process is actually an alloy containing 
from 4 to 12 per cent phosphorous. The nickel coating is extremely hard. 
The bath used for the electroless nickel plating had the following 
composition: 
(1) Reagent Grade Nickel Sulfate 15 gms/liter 
(2) Reagent Grade Sodium Hypophosphite 14 gms/liter 
(3) Reagent Grade Sodium Acetate 13 gms/liter 
(4) Deionized Water 1 liter 
The bare metal surface of a ceramic coated sample of a stainless steel 
substrate with a nickel-aluminide subcoat and a 0.010-inch coating of modified 
aluminum oxide was insulated electrically without an alligator clip attached. 
Half of the ceramic surface was rubbed with a piece of nickel metal which left 
a small amount of the metal on the coating and produced a catalytic surface 
19 
Figure 9. Photomicrograph of the Cross-Section of a Ceramic Coated 
Aluminum Alloy After Lead Impregnation Indicating Variable 
Matrix Density (28 X Magnification). 
20 
Figure 10. Photomicrograph of the Cross-Section of a Ceramic Coated 
Aluminum Alloy After Lead Impregnation Indicating Uniform 
Matrix Density (28 X Magnification). 
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for the reaction. The plating bath was placed in a 200 ° F oven until it 
reached equilibrium temperature; the sample was immersed in the solution and 
allowed to plate for one hour. Examination revealed a continuous coating of 
nickel adhering to those portions of the surface which had been rubbed with 
nickel. Apparently deposition had initiated at the trace amount of nickel on 
the surface and spread laterally from one trace of nickel to another. A 
strongly adherent continuous coating was formed at these sites. 
It was initially thought that the nickel-aluminide subcoat would be 
catalytic to the electroless plating solution as seems to be in electro-
plating techniques but the absence of a nickel coating on other areas of the 
sample indicated this was a negative assumption 13/. To confirm that nickel 
had not deposited at the nickel-aluminide/ceramic interface an attempt was 
made to deposit nickel on an exposed nickel-aluminide surface by the electro-
less technique. A sample having only nickel-aluminide plasma-sprayed coating 
on a stainless steel substrate was immersed in the electroless plating bath 
for one hour at 200 ° F. Examination revealed no nickel deposited on the sub-
coating surface. Figure 11 shows the technique by which a preferential 
nickel deposit can be applied to a ceramic coating; traces of the metal are 
first applied to the surface of the oxide coating. 
G. Impregnation by Silver Electroplating 
After successful impregnation with copper and lead, consideration was 
given to impregnating plasma-sprayed modified aluminum oxide with silver metal, 
because the combination of silver and ceramic might cause interesting changes 
in the electrical, thermal, and mechanical properties of such coatings. An 
electroplating solution was formulated using the following constitu- 
ents 9,11,17,18/ 
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Figure 11. Photomacrograph of an Electroless Plated Nickel Coating 
Preferentially Applied to the Surface of a Ceramic Coating 
(2 X Magnification). 
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(1) Silver (As Metal) 16 grams 
(2) Reagent Sodium Cyanide 15 grams 
(3) Reagent Sodium Carbonate 22 grams 
(4) Reagent Potassium Carbonate 113 grams 
(5) Deionized Water 1 liter 
Due to the potential danger of cyanide poisoning all experimental work was 
performed in a glove box. No attempt to impregnate a sample was made because 
silver could not be plated from this solution. It was felt that silver 
plating would have been possible with a properly formulated plating solution 




The metallic impregnation of a ceramic coating plasma-sprayed on a metal 
substrate was successfully accomplished by electroplating both lead and copper. 
Apparently as long as the plasma-sprayed subcoating of nickel-aluminide can 
be used as the catalyzed cathode for deposition to be initiated; the substrate 
material used is of little importance. This was substantiated by impregnating 
a ceramic coating which had been sprayed on a nickel-aluminide subcoating 
of an electrically conductive substrate and by a determination of electrical 
continuity. The other requirements for successful impregnation seemed to be 
adequate open porosity and establishment of maximum coating thickness. The 
results of this work indicated the optimum plasma-sprayed coating had ample 
porosity for impregnation by electroplating techniques. The maximum thickness 
of an optimum plasma-coating through which deposition was possible was found 
to be approximately 0.020-inches. Perhaps variance of the bath compositions 
and electrical parameters during the plating process would allow metal-ionic 
penetration of thicker coatings. 
Copper metal was successfully deposited in the pores of the plasma-
sprayed ceramic coating by an acid-bath electroplating technique, provided 
the nickel-aluminide subcoating has been activated by reverse current 
etching. Copper deposition began at the nickel-aluminide surface and 
proceeded outward through the modified aluminum oxide coating filling pores 
as the process continued. Electrical continuity between the substrate and 
the surface deposits verified the existance of a copper to nickel-aluminide 
path. This copper impregnation significantly improved the thermal diffusivity 
of the ceramic coating and no doubt changed the mechanical properties of the 
coating although further evaluations of these changes were not made. 
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Impregnation of porous ceramic coating by the electrodeposition of lead was 
successfully performed using a fluoborate plating solution. If the plating 
process was carried out too quickly, pores having the most direct routes to 
the subcoating filled rapidly and lateral deposition across the coating 
surface ensued. This lateral deposition covered over many pores and, in 
effect, eliminated the access of free ions in solution to these pores. The 
coating remained unfilled because of this surface obstraction. If plating 
proceded at a slow rate the percentage of filled pores became much higher 
and the impregnation was more complete. 
Electroless nickel plating produced a hard, tightly adherent deposit 
of metal on the surface of the plasma-sprayed ceramic coatings. The reaction 
was catalized by traces of nickel metal on the surface. The nickel aluminide 
subcoating was not catalytic to the plating solution and, therefore, deep 
penetration of the porous coating did not occur. 
It is known from previous experience that nickel can be deposited in the 
pores of a plasma-sprayed coating by electroplating techniques 13 19 20/. It 
was also demonstrated that these deposits were attached to the nickel-aluminide 
subcoating. In light of this work it seemed plausible that a combination of a 
short electroplating process, leaving highly active nickel in the pores, or 
reverse etching followed by electroless nickel plating would produce very 
satisfactory impregnation of the ceramic structure. 
Consideration was given to impregnation of coatings with silver metal. 
A silver cyanide bath was prepared but the results obtained from the 
composition seemed to be unsatisfactory since electroplating through the 
ceramic coating could not be obtained. It is felt that a bath of proper 
composition would be effective for silver impregnation as were the copper 
and lead baths. 
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Consideration was given to electrodeposition of aluminium metal followed 
by anodization of the deposited metal to form a 100 per cent filled oxide 
coating. This idea was abandoned because of the lack of equipment required 
for this electroplating process, 
27 
V. CONCLUSIONS 
1. Both lead and copper metals can be used to impregnate porous plasma-
sprayed modified aluminum oxide coatings by deposition from electro-
plating baths. 
2. The maximum coating thickness through which copper and lead can be 
deposited at present appears to be approximately 0.020-inches. 
3. Greater thicknesses of ceramic coating might be impregnated if the coated 
substrate, immersed in the plating solution, were first evacuated, forcing 
liquid penetration through the pores. 
4. If electroplating is carried out at high deposition rates there is a 
tendency for deposition to occur laterally across the coating surface 
thus covering many open pores and greatly reducing the efficiency of 
impregnation. 
5. A copper impregnated plasma-sprayed ceramic coating has improved heat 
transfer, and, thus, dissipates heat more rapidly. 
6. Although nickel-aluminide is not catalytic to an electroless nickel 
plating bath, a strongly adherent deposit covering the ceramic 
surface can be achieved if the oxide surface is first catalyzed 
with traces of metallic nickel. 
7. It should be possible to impregnate a coating by the electroless nickel 
plating technique after a short nickel electroplate is preformed to 
deposit surface active nickel metal at the nickel aluminide/modified 
aluminum oxide interface. 
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VI. RECOMMENDATIONS FOR FUTURE INVESTIGATION 
The selection of a metal for impregnation of a porous ceramic coating on a 
base metal should be primarily based upon the properties that metal will impart 
to the coating by its mere existence in the matrix. While impregnation with 
any metal tends to densify the coating there are a number of other physical 
property changes that must be taken into account. For example, since it has 
been shown that a copper impregnated ceramic coating exhibits a greater ability 
to dissipate or conduct heat than a plain porous coating, it seems reasonable 
to assume that if a coating with greater impact and abrasion resistance is 
desired then it should be impregnated with a metal having these qualities. 
Such metals as tungsten, molybdenum, and certain very hard alloys would be 
excellent candidates for this type of impregnation 21 , 22/. Several techniques 
for electrodeposition of these metals and alloys have been developed which 
should enable their impregnation of porous ceramic coatings. 
A program should be initiated to study these techniques of impregnation 
with prime consideration given to the physical and chemical properties of 
the resultant coatings. The oxide coating thickness and porosity require 
further investigation since use requirements may necessitate a wide variation 
in these two properties. Such a research program could advance the potential 
of the arc-plasma spray technology to more formidable applications in the 
production of agricultural tillage tools, heavy construction equipment, 
aerospace heat and impact resistant surfaces, catalytic plates for fuel 
cells and pollution control apparatus, and to provide assistance to those 
industries required to utilize the arc-plasma spray process. 
The success of impregnation by electroplating attained in these 
experiments suggests the possibility of accomplishing the task by other 
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metallic deposition techniques. For example, deposition from the gaseous 
state can be carried out by two processes, gas plating at atmospheric 
pressures and vacuum plating at ultra low pressures 23-26/. These techniques 
might prove to be a more efficient manner of impregnation due to the increased 
ability of ionic penetration. Certainly these techniques should be given 
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